
Original Research

Association of Gap Healing With Angle
of Correction After Opening-Wedge High
Tibial Osteotomy Without Bone Grafting

Hyung Jun Park,* MD, Seung-Baik Kang,*† MD, PhD, Moon Jong Chang,* MD, PhD,
Chong Bum Chang,‡ MD, PhD, Woon Hwa Jung,§ MD, and Heejin Jin,k PhD

Investigation performed at SMG-SNU Boramae Medical Center, Seoul, Republic of Korea

Background: Studies have reported that opening wedge high tibial osteotomy (OWHTO) without bone grafting has outcomes that
are similar to or even better than those of OWHTO with bone grafting, especially after use of a locking plate. However, a consensus
on managing the gap after OWHTO has not been established.

Purpose: To determine the degree of gap healing achieved without bone grafting, the factors associated with gap healing, and
whether additional gap healing would be obtained after plate removal.

Study Design: Cohort study; Level of evidence, 3.

Methods: This retrospective study included 73 patients who underwent OWHTO without bone grafting between 2015 and
2018. Patients in the study were divided into 2 groups based on the correction angle: small correction group (<10�; SC group) and
large correction group (�10�; LC group). The locking plate used in OWHTO was removed at a mean of 13.5 months after surgery in
65 patients. Radiographic indexes were measured: gap filling height, gap vacancy ratio (GVR), and osteotomy filling index. The
acceptable gap healing was defined as an osteotomy filling index �3. The factors related to gap healing around the osteotomy site
were selected after multicollinearity analysis.

Results: Although both groups achieved acceptable gap healing regardless of the correction angle, the SC group showed higher
and earlier gap healing than did the LC group (gap healing rate 81.4% in the SC group vs 41.7% in the LC group at 3 months
postoperatively). The GVR was 8.6% in the SC group and 15.3% in the LC group at 12 months after surgery (P ¼ .005). Both the
amount of time that elapsed after surgery and the correction angle were associated with gap healing (P < .05). Additional gap
healing was observed after plate removal, as the GVR decreased 2.7% more in the patients with plate removal than in patients who
did not have plate removal (P ¼ .012).

Conclusion: All patients achieved acceptable gap healing without bone graft. The degree of gap healing was higher in the SC
group and increased over time. Gap healing was promoted after plate removal. Considering the results of this study, a bone graft is
not necessary in routine OWHTO in terms of gap healing.
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Medial opening wedge high tibial osteotomy (OWHTO) is
a reliable treatment option for medial compartment oste-
oarthritis with varus deformity in relatively young
patients.3,11,17,20 Because the osteotomy gap is related to
complications such as loss of correction, it is important to
manage the gap appropriately.3 Autograft is considered the
most effective graft for gap healing,8,16,24 but autograft can
cause additional morbidities at the donor site. Some sur-
geons prefer to use allograft, but it has theoretical risks of
disease transmission and immunologic reaction. The use
of bone substitutes adds cost, and there have been reports
of delayed union or nonunion.8,11,20 Because studies have

reported successful gap healing without the use of
grafts,5,25 there is doubt about whether bone graft is nec-
essary. Lansdaal et al10 reported that bone grafts were not
required if the amount of correction was <10�. A previous
study18 also reported that a no-graft group showed better
clinical outcome than a graft group, and studies have
shown that the bone substitute may interfere with natural
bone healing.16,18 Therefore, no consensus exists regard-
ing the method of managing the osteotomy gap after
OWHTO.

Several factors have been identified as affecting the
degree of gap healing after OWHTO. Smoking, obesity, lat-
eral hinge fracture, and large correction are considered to
adversely affect gap healing.6,13,21,22 However, for some fac-
tors such as smoking and obesity, their effects on gap heal-
ing after OWHTO are controversial.6
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Although improved fixation strength of the locking plate
has reduced concern about loss of correction after OWHTO,
it is possible that excessive fixation strength can interfere
with bone healing.1,2,15,19 If sufficient gap healing does not
occur because of the excessive fixation strength of the lock-
ing plate, plate removal may be unnecessarily delayed. In
contrast, if additional bone healing could occur by removing
the locking plate, it could be removed without concern
about correction loss. However, no study has reported
whether additional bone healing occurs after removal of the
plate.

The purpose of this study was to determine the degree of
gap healing without bone grafting and to determine the
factors associated with gap healing. We also wanted to
determine whether additional gap healing would be
obtained after plate removal. We hypothesized that accept-
able gap healing could occur without bone grafting in
OWHTO and that the degree of gap healing would be better
with a smaller correction angle. We also hypothesized that
factors such as smoking, obesity, and lateral hinge fracture
would affect gap healing. Finally, we hypothesized that
additional gap healing could occur in the medial void after
removal of the locking plate.

METHODS

Study Design and Population

This retrospective study included 86 patients who under-
went OWHTO without bone grafting between 2015 and
2018. Institutional review board approval was obtained
before pursuing the retrospective review of data; the need
for informed consent was waived because of the retrospec-
tive study design. Inclusion criteria were (1) medial com-
partment osteoarthritis with pain that did not respond to
nonoperative treatment and (2) varus alignment of the
lower limb (mechanical axis of the lower limb �5� varus
and medial proximal tibial angle <90�). Exclusion criteria
were (1) medial compartment osteoarthritis with bone
attrition (Ahlbäck grade �3), (2) severe varus alignment
of the lower limb (mechanical axis of the lower limb >15�

varus), (3) patellofemoral joint or lateral compartment
arthritis (Kellgren-Lawrence grade�3), (4) flexion contrac-
ture �15� or further flexion �90�, and (5) rheumatoid
arthritis. After we excluded 13 patients according to the
criteria, 73 patients were ultimately included in the study
(Figure 1).

Patients were divided into 2 groups according to the
criteria used in a previous study4: a group with a small
correction (SC group), defined as a correction angle <10�,
and a group with a large correction (LC group), defined
as a correction angle �10�. No significant differences
were seen in baseline characteristics between the 2

Figure 1. Selection of the patients for study. OWHTO, open
wedge high tibial osteotomy.

TABLE 1
Descriptive and Radiographic Dataa

Total
(N ¼ 73)

SC Group
(n ¼ 60)

LC Group
(n ¼ 13)

P
Value

Age, y 56.5 ± 10.3 59.4 ± 8.1 53.5 ± 6.6 .016b

Sex, male:female, n 24:49 20:40 4:9 .859c

Body mass index 27.0 ± 4.2 26.3 ± 3.5 30.2 ± 5.0 .008c

Obesity, n (%) 16 (21.9) 10 (16.7) 6 (46.2)
Smoker, n (%) 9 (12.3) 7 (11.7) 2 (15.4) .714c

Correction angle,
deg

8.1 ± 2.1 7.1 ± 1.7 11.3 ± 1.1 �.001c

Gap width, mm 9.6 ± 2.8 8.4 ± 2.0 13.7 ± 2.1 �.001c

Lateral hinge
fracture, n (%)

17 (23.3) 13 (21.7) 4 (30.8) .484c

aData are reported as mean ± SD unless otherwise indicated.
Bolded P values indicate statistically significant difference
between groups (P < .05). LC, large correction (�10�); SC, small
correction (<10�). Obesity was defined as body mass index was
more than 30.

bChi-square test.
cMann-Whitney test.
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groups except for mean age and body mass index (BMI)
(Table 1).

Surgical Procedure and Follow-up

Full-limb standing anteroposterior radiographs were
used to make preoperative plans and measure postoper-
ative radiographic outcomes. The target or Fugisawa
point was 62.5% from the medial side of the joint. Before
osteotomy, all patients were evaluated via arthroscopy to
assess for associated pathologies. About 4 cm below the
knee joint line, a longitudinal incision was made at the
anteromedial side of the proximal tibia. The pes anser-
inus was retracted, and the superficial medial collateral
ligament was detached at the distal portion. Guidewires
were inserted toward the tip of the fibular head. After
the neurovascular bundles were protected using a blunt
retractor, biplanar osteotomy was performed. Valgus
force was applied gradually using 3 chisel techniques
to achieve the target point. After the target correction
angle was achieved, the osteotomy site was fixed using
a locking plate (TomoFix; Synthes) without bone graft-
ing. A long-leg splint was applied to all patients until
postoperative day 2.

Considering their age, the patients who underwent
OWHTO may need further surgical treatment in the future
such as total knee arthroplasty. Therefore, after stability
around the osteotomy site was assessed, plate removal was
recommended for all of the patients. Among the patients, 65
(91.5%) underwent plate removal at a mean of 13.5 months
postoperatively. These patients were evaluated at 3 months
after plate removal.

Patients were instructed to perform knee range of motion
exercises after drain and splint removal. Partial weight-
bearing was permitted for 6 weeks postoperatively.
Patients were instructed to visit the outpatient department
at the following intervals: 6 weeks, 3 months, 6 months, and
12 months postoperatively.

Data Collection

Three radiologic indexes were evaluated to assess gap heal-
ing: gap filling height (GFH) (Figure 2A), gap vacancy ratio
(GVR) (Figure 2B), and osteotomy filling index (OFI). GFH
was defined as the maximal height of the bone filled at the
end of the newly filled bone. GVR was defined as the length
of the bone defect based on the length of the osteotomy.19

OFI was evaluated by dividing the total osteotomy length
by 20% into 5 zones4 (Figure 2C).

Gap healing was evaluated on knee anteroposterior
radiographs, and acceptable gap healing was considered
to be obtained if the OFI was zone �3.4 The initial opening
gap width was measured to calculate the ratio of gap heal-
ing by comparing it with GFH (termed the GFH ratio). The
heights of the zone 3 area from 40% to 60% of the initial
opening gap width were calculated by multiplying the ini-
tial opening gap width by 0.4 and 0.6, respectively. Lateral
hinge fracture was diagnosed when discontinuity or a cal-
lus on the lateral cortex of the osteotomy site was found on
postoperative conventional radiographs. The incidence of
lateral hinge fracture was 23.3%, and there was only 1 case
of Takeuchi type 2 fracture in the LC group (Table 1).

To determine interobserver reliability, all radiographic
parameters were measured twice at intervals of 2 weeks by
2 orthopaedic surgeons (H.J.P., M.J.C.) who were blinded to
the data of each other. For intraobserver reliability, 1
orthopaedic surgeon (H.J.P.) measured twice at an interval
of 2 weeks.

Statistical Analysis

The independent-samples t test and Mann-Whitney test
were used to compare the mean values of demographic data
between the 2 groups. The Wilcoxon signed rank test and
repeated-measures analysis of variance were used to deter-
mine whether additional gap healing would be obtained
after removal of the locking plate. A generalized estimating
equation was used to analyze the factors related to gap

Figure 2. The 3 radiologic indexes used to assess gap healing. (A) Gap filling height was defined as the maximal height of bone
healing (double arrowhead). (B) Gap vacancy ratio was defined as the length of bone defect, a, divided by the length of the
osteotomy, b. In the image, c ¼ gap filling height and d ¼ initial opening gap width. (C) Osteotomy filling index, evaluated by
dividing the total osteotomy length by 20% into 5 zones.
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healing. After considering multicollinearity, we selected
correction angle, BMI, smoking, lateral hinge fracture, and
passage of time as independent variables in the generalized
estimating equation.

The reliability of measurements was assessed using the
intraclass correlation coefficient. The intraclass correlation
coefficients for interobserver and intraobserver reliability for
all parameters were >0.8, indicating excellent agreement.
The statistical power to compare the gap healing between 2
groups was 0.64, and the statistical power to evaluate the
effectiveness of plate removal on gap healing was 0.95. We
performed the power analysis after including several vari-
ables: not only correction angle but also sex, BMI, time, and
lateral hinge fracture. The power analysis was done using
NCSS software, and the statistical analysis was performed
using SPSS Version 26 (SPSS Inc., IBM Corp). P values of
<.05 were considered statistically significant.

RESULTS

The GVRs of the SC and LC groups were 8.6% and 15.3%,
respectively, at 12 months postoperatively (P¼ .005) (Table 2).
Although both groups achieved acceptable gap healing
regardless of the correction angle, the SC group showed
higher and earlier gap healing than did the LC group (Tables 2
and 3). Acceptable gap healing was found in only 22.7% of all
patients at 6 weeks postoperatively, and this value increased
to 74.6% at 3 months. In the subgroup analysis, although the

incidence of acceptable gap healing was lower in the LC group
than the SC group at 3 months postoperatively, the LC group
also obtained acceptable gap healing at 6 months (Table 3).

Time after surgery and correction angle were the only
factors associated with gap healing, as indicated by the
GFH ratio and GVR. Both the GFH ratio and GVR showed
significant time and group � time effects (Table 4). How-
ever, smoking, BMI, and lateral hinge fracture did not
affect gap healing in our study.

Additional gap healing was observed in the 65 patients
after plate removal. In these patients, the GVR decreased

TABLE 2
Radiographic Indexes for Assessing Gap Healinga

Total
(N ¼ 73)

SC Group
(n ¼ 60)

LC Group
(n ¼ 13)

P
Valueb

Gap filling height,
mm

8.2 ± 2.1 7.5 ± 1.8 10.1 ± 1.47 .001

Gap filling height
ratio, %

86.6 ± 11.2 89.7 ± 8.9 74.5 ± 11.1 �.001

Gap vacancy ratio, % 9.7 ± 6.7 8.6 ± 7.4 15.3 ± 5.8 .005

aData are reported as mean ± SD. Bolded P values indicate
statistically significant difference between groups (P < .05). LC,
large correction (�10�); SC, small correction (<10�).

bGeneralized estimating equation.

TABLE 3
Ratio of Acceptable Gap Healing According to

Postoperative Time Pointa

Postoperative
Time Point

Total
(N ¼ 73)

SC Group
(n ¼ 60)

LC Group
(n ¼ 13)

6 wk 15 (22.7) 15 (26.8) 0 (0)
3 mo 53 (74.6) 48 (81.4) 5 (41.7)
6 mo 64 (98.5) 55 (98.2) 9 (100)
12 mo 74 (100) 60 (100) 13 (100)

aAcceptable gap healing was considered to be obtained if the
osteotomy filling index was zone �3. Data are reported as n (%).
LC, large correction (�10�); SC, small correction (<10�).

TABLE 4
Factors Associated With Gap Healinga

Factor

Gap Filling
Height Ratio

Gap Vacancy
Ratio

P Valueb b P Valueb b

Time after surgery �.001 1.483 �.001 –0.202
Group (correction angle) �

time
.001 0.962 .045 –0.011

Smoking .571 0.335 .113 0.063
Body mass index .875 0.007 .943 �0.001
Lateral hinge fracture .773 0.127 .418 1.023

aBolded P values indicate statistical significance (P < .05).
bGeneralized estimating equation.

TABLE 5
Radiographic Indexes for Assessing Gap Healing According

to Passage of Time and Plate Removala

P Value

12 mo
After

Surgery

3 mo After
Plate

Removal

12 vs 3 mo
After Plate
Removalb

Removal
vs No

Removalc

Gap filling
height, mm

.208

No plate
removal

8.3 ± 1.9 8.6 ± 1.8 �.001

Plate
removal

7.8 ± 2.3 8.2 ± 2.3 �.001

Gap filling
height ratio, %

.321

No plate
removal

82.1 ± 12.1 85.3 ± 12.9 �.001

Plate
removal

90.5 ± 9.3 95.1 ± 9.1 �.001

Gap vacancy
ratio, %

.012

No plate
removal

10.4 ± 6.0 8.1 ± 7.2 .001

Plate
removal

9.1 ± 8.1 4.1 ± 6.3 �.001

aData are reported as mean ± SD. Bolded P values indicate
statistically significant difference between groups (P < .05).

bWilcoxon signed rank test.
cRepeated-measures analysis of variance.
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by an additional 2.7% (from 9.1% ± 8.1% to 4.1% ± 6.3%)
compared with in those without plate removal (from 10.4%
± 6.0% to 8.1% ± 7.2%) (P ¼ .012) (Table 5).

DISCUSSION

The principal findings of our study were that all patients
obtained acceptable gap healing without bone grafting and
that gap healing was greater in the SC group. Furthermore,
gap healing was not affected by smoking, obesity, or lateral
hinge fracture, but it was promoted by removal of the lock-
ing plate.

Our findings confirmed the first part of our hypothesis
that acceptable gap healing could be obtained without bone
grafting. Brosset et al4 reported that only 4% (2/51) of
patients showed delayed union after OWHTO without bone
grafting. Zorzi et al25 reported that there was no difference
in the average times to bone union (bone graft group, 12.4
weeks; no-graft group, 13.7 weeks; P ¼ .13). The results of
our study support the findings from the aforementioned
investigations. All patients in our study obtained accept-
able healing around the osteotomy site. Therefore, consid-
ering the complications related to bone grafting, it is
reasonable to perform OWHTO without bone grafting in
terms of gap healing.

After we compared the degree of gap healing between 2
groups, our findings supported the second part of our
hypothesis that gap healing would be promoted if the cor-
rection angle were smaller. The time to bone union after
OWHTO has previously been reported as 12.4 to 18
weeks.4,5 Because our study was organized retrospectively,
accurate time to bone union could not be assessed. How-
ever, we found that 74.6% (53/73) of all patients achieved
acceptable gap healing by 3 months postoperatively.
Among them, the SC group showed greater acceptable gap
healing ratio than the LC group (81.4 % and 41.7%, respec-
tively). Therefore, orthopaedic surgeons should consider
the possibility that inadequate gap healing is achieved even
at 3 months postoperatively, especially if the correction
angle is >10�.

We observed that smoking, BMI, and lateral hinge frac-
ture were not associated with gap healing in our study,
contrary to our hypothesis. Smoking and obesity are com-
monly known factors related to postoperative complica-
tions.12-14 However, the effect of those factors on gap
healing has been controversial.6 Smoking affects local vaso-
constriction, hypoxia on the cellular level, and the process
of bone union. For this reason, smoking was considered a
relative contraindication to all osteotomies, and OWHTO
was not recommended in patients who smoke.12,23 Obesity
has been known to cause delayed healing because it
increases motion at the osteotomy site.14,24 Meidinger
et al13 reported that the rate of obesity (BMI >30) was
higher in patients with nonunion than in those with union.
However, Floerkemeier et al6 reported that smoking and
obesity did not affect the degree of gap healing at midterm
follow-up (mean, 3.6 years). Our findings support the result
reported by Floerkemeier et al, which might be explained
by 3 factors. The first and most important factor is that the

locking plate provided stability around the osteotomy
site,12,23 which in turn provided the appropriate environ-
ment for a callus to form. The second factor is that the
incidence of smokers (12.3%) and obese patients (21.9%)
was lower compared with the incidence in the Meidinger
et al study (24.7% and 62.3%, respectively). The third fac-
tor is that the patients who were smokers (7/9; 77.8%) and
obese (10/16; 62.5%) needed SC in our study. For these
reasons, although there was a difference in BMI (3.9)
between 2 groups, it might not affect gap healing after
OWHTO in our study.

Lateral hinge fracture did not affect gap healing in our
study. Meidinger et al13 reported that 60% of patients with
nonunion showed lateral hinge fracture compared with
24.4% of patients with union. Nondisplaced lateral hinge
fracture is a minor complication that does not need addi-
tional surgical treatment.9 The incidence of lateral hinge
fracture in our study (23.3%) was comparable with that in
other studies (2.5%-26.3%, according to the presence of dis-
placement).9,13,14,21 There was only 1 case of Takeuchi type
2 fracture in the LC group. Although the patient’s correc-
tion angle decreased 2.8� (from 10.8� to 8�) and the gap
healing was low (GVR, 18.4%; ratio of GFH, 65.8%) com-
pared with other patients, the patient obtained acceptable
gap healing. There were no other cases of correction loss in
our study. Our findings indicate that nondisplaced lateral
hinge fracture does not require further surgical treatment.
However, orthopaedic surgeons should carefully follow a
patient with Takeuchi type 2 fracture.

The results of our study also confirmed our hypothesis
that additional gap healing would occur after plate
removal. Studies have found that bone healing can be
delayed because the stiffness of the locking plate sup-
presses interfragmentary movement.1,2,15,19 In our study,
although a significant difference in GVR was found depend-
ing on whether the plate was removed, there was no statis-
tical difference in the GFH ratio. Gap healing was achieved
in a 3-dimensional plane, not in a 2-dimensional plane. In
addition, at the stage where gap healing was almost com-
plete, there was no significant difference in the ratio of
change in maximal height of newly filled bone (GFH ratio).
However, gap healing was still achieved around the middle
portion of the newly filled bone around the osteotomy site.
These factors might have contributed to the difference in
radiographic indexes between the SC and LC groups. Con-
sidering these findings, we believe that additional gap heal-
ing was achieved from plate removal. Gap healing around
the osteotomy site might be influenced by the stress shield-
ing effect.19 Because the Young modulus of the locking
plate (titanium) is higher than that of cortical bone, most
stress is transferred via the locking plate. Most patients
achieved acceptable stability after OWHTO using locking
plate.4,16 Moreover, additional gap healing might be
expected after plate removal. In light of these 2 findings,
there may be no clinical or economic advantage of using
bone grafting in OWHTO.

There were several limitations in our study. The study
had a retrospective design, and patients who needed large
correction (�13�) were not included; therefore, we cannot
generalize our results to all cases of OWHTO. In addition,
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the differences in demographic data such as age and BMI
between the 2 groups might have affected the gap healing
around the osteotomy site. However, a previous study
reported that age did not have an adverse effect on radio-
logic outcomes after OWHTO.7 The difference in age
between the SC and LC groups in our study (59.4 and
53.5 years, respectively) was less than that in the study
by Goshima et al7 (68.7 and 56.2, respectively). Therefore,
although there was a difference in age between the 2
groups, we believe it did not significantly affect gap healing
after OWHTO. Another limitation is that gap healing might
have been underestimated. We evaluated gap healing using
anteroposterior radiographs. Although gap healing at the
osteotomy site takes place in 3 dimensions, we could eval-
uate gap healing in only 2 dimensions on the radiographs. A
3-dimensional modality, such as computed tomography,
would be needed for a more accurate measurement. How-
ever, such a modality might expose patients to unnecessary
radiation and is not a practical method for assessing gap
healing in the clinical setting. Furthermore, the locking
plate was usually placed on the anteromedial side of the
proximal tibia, which did not allow us to properly evaluate
the gap healing on radiographs. Finally, our study results
were based on radiographic indexes rather than clinical
symptoms. We might have found different outcomes if a
clinical evaluation had been included.

CONCLUSION

All patients achieved acceptable gap healing without bone
graft. The degree of gap healing was higher in the SC group
and increased over time. Gap healing was also promoted
after plate removal. Considering the results of this study,
bone graft is not necessary in routine OWHTO in terms of
gap healing.
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